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Introduction 46
The urban microclimate inside street canyons can have a major effect on the thermal 47 M A N U S C R I P T which has promising applications in the stages of urban and building design. 122
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Method of the mathematic model 123
The basic idea of zonal modelling is to divide the street canyons into multiple zones 
Mass balance in the network 137
Airflow takes place across the inter-connected zones, with mass variations due to air 138 density differences assumed negligible in an urban environment. Thus, the zonal mass 139 balance equation can be expressed as: 140
where m ij and m ji are the mass flow rate from zone i to zone j and zone j to zone i 142 respectively (kg/s), and both are defined as "positive" variables; M si is the rate of 143 mass accumulation in zone i (kg/s), while N is the number of the zone. 144
Heat balance in the network 145
Heat transfer occurs between zones due to mass exchanges or between air and 146 surfaces, i.e. building walls, roofs and the ground. The zonal heat balance equation is 147 expressed as: 148
149 where the term in the left hand is the heat change of the air, the first term in the right 150 hand represents the heat exchange due to mass flow exchange, the second term in the 151 right hand is the convective heat flux, the third term is power of heat generation from 152 anthropogenic source. 
Pressure and airflow balances 161
The airflow between zones is driven by pressure and density differences. 
where µ is the discharge coefficient of the opening; A is the area of the opening (m 2 ). 176
The discharge coefficient is depended on the opening Reynold number, wind 
Airflow model at vertical opening 179
For vertical openings, when there is temperature difference between zones, this 180 temperature difference will result in an air density difference, leading to a positive 181 pressure difference at the top of the opening and a negative pressure difference at the 182 bottom (or vice versa) [37] . Two-way airflow may occur according to the position of 183 the neutral level. At the neutral level, the air velocity is zero, which can be determined 184 according to the following equation. 185
where Z n is the neutral level (m); P ∆ is the pressure difference between zones (Pa).
187
The airflow model may vary in different conditions, according to the position of the 188 neutral level, therefore the airflow rate is categorized into the following situations. 189 
Pressure boundary condition 230
The static air pressure (P s ) at a given height Z can be inferred from a local weather 231 station after adjusting for the stack effect due to gravity: 232 0 0 ( ) Several lines of thermocouples were placed alone the "wall" and "roof" surfaces to 289 measure the temperature gradation as they were shown in Fig. 3(b interval was set to 1 min. The sensors of the weather station were located at a height 309 of 2.4 m above the ground. Theurer [41] concluded that for interrupted rows and row 310 like buildings, the α value in equation 13 is recommended to be 0.36 and 0.44, 311 respectively. The α was assumed to be 0.4 for the mock-up site in this study. 312 Consequently, with the wind speed and height of the weather station are given, the 313 vertical profile of the wind speed at different height could be calculated and thus the 314 wind boundary condition could be obtained. 315
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Measurement results 316
The hourly average local air temperature and barometric pressure are presented in Fig.  317 4(a). The air temperature ranged between 300-310 K (27-37 °C) during the 318 measurement period. Air temperatures at 14:00, 19 and 21 July decreased noticeably 319 due to the sudden showers at the period of 13:49-14:02, 19 July and 13:52-14:04, 21 320
July recorded by the local weather station. As the water absorbed by the concrete bins 321 could not be accurately estimated when it was raining, nor the amount of moister 322 evaporating from the surfaces after the rain, the heat exchange at the concrete surfaces 323 due to this factor could not be well considered. Thus the effect of rain was not 324 considered in our simulation. Consequently, the simulated temperatures supposed to 325 be higher than the measured data at the rainy hours (13:00-14:00) and several hours 326 after (14:00-17:00). 327
The hourly average wind speed and direction are shown in Fig. 4 canyon was heated by the surface of the concrete columns and can result in a higher 389 value than the air temperature at the local weather station sometimes. It could raise 390 2-6 K at noon. Correlation analysis suggested that the simulated temperatures were in 391 good agreement with the measured data. Differences between them were generally 392 within 1 K (the RMSE was 0.0025 for this case), indicating the acceptable accuracy of 393 the outdoor zonal model. Fig. 8 and Fig. 9 show the air temperature comparisons 394 between the simulated and measured data for an aspect ratio of 2 and 3, respectively. 395
Same as the case of moderate aspect ratio, good agreements between the simulated 396 and measured data were also achieved in the dense and high-density scenarios. 
Research Highlights
Developed a zonal model to assess street canyon air temperature of high-density cities The model was evaluated in field measurement on a mock-up site with 3 aspect ratios Good agreements between predicted and measured air temperatures were observed(<1 K) Peak warming between 2-6 K above the ambient air temperature were observed in mockup street canyons
